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DOE Program ObjectiveDOE Program Objective

• Overall objective
– Develop and demonstrate the feasibility of a highly

efficient hybrid system integrating a planar solid oxide fuel
cell (SOFC) and microturbine

• Approach
– Technology base:

�Planar SOFC technology
�Microturbine technology

– System approach along with other design methodologies
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Program FeaturesProgram Features

BARRIER RESO LUTIO N
DEM O NSTRATIO N

FULL-SCALE SYSTEM
CO NCEPT REFINEM ENT
AND CO ST ANALYSIS

DEM O NSTRATIO N  SYSTEM
DESIG N AND INTEG RATIO N

FEASIBILITY
DEM O NSTRATIO
N

FULL-SCALE 
SYSTEM  DESIG N

FEASIBILITY
DEM O NSTRATIO N O F
SUB-SCALE DESIG N

• DETAILED DESIGN
• COMPONENTS SPECIFICATIONS
• COST ESTIMATE AND SENSITIVITY

ANALYSIS

PH ASE I PH ASE II PH ASE III

DESIGN: PRELIMINARY FULL-SCALE AND DEMONSTRATION SYSTEMS
BARRIER RESOLUTION: HIGH PRESSURE STACK, HIGH TEMPERATURE

HEAT EXCHANGERS

K EY TECH NO LO GY DEVELO PM ENT

• SYSTEM DESIGN
• COMPONENT SPECIFICATION
• ASSEMBLY AND TESTING

COST
ESTIMATES

ECONOMIC
EVALUATION

DEMONSTRATION OF
PRESSURIZED STACK AND
HIGH TEMPERATURE HEAT

EXCHANGER
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SOFC Hybrid System ConceptSOFC Hybrid System Concept

.

TurbComp
Air In
(1)

SOFC

Recuperator

Compressor
Out 

(2)

TurboGenerator
Air Out (3)

Fuel Cell
System Exhaust (13)

Turbine
Out
(16)

Natural Gas
Preheater/

Steam Generator

Comp

Reformer

Turbine Inlet
Cooler

(7)

Reformate (10)

PWater Feed
(8)

Water In
(9)

Compressed
Natural Gas (6)

Natural Gas
Inlet (5)

TurboGenerator
Exhaust (17)

System
Exhaust

(18)

Air for Fuel
Cell System

(4)

(15)

Reformer
Exhaust

(14)

SOFC
Combustor

(11)

(12)

DC
Power

Inverter

Power

Generator

Net AC
Power



Texas hybrid meeting nonprop.ppt- 5SOFC Hybrid System
February 2002

SimplifiedSimplified  SOFC System & ComponentsSOFC System & Components
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Key System FeaturesKey System Features

• SOFC
– High-performance reduced-temperature planar cells
– Honeywell low-cost tape calendering manufacturing process

• Microturbine
– Commercial systems

• Other subsystems
– Fuel processor
– Thermal management
– Flexible control subsystem
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System Design ApproachSystem Design Approach

•Design Selection Criteria
•Propose Conceptual Designs
•Assume Components
•Model Systems

•Design
Components
•System  Analysis
•Trade Studies

•Compare to Requirements
& Design Selection Criteria
•Identify Gaps

Conceptual
System Definition

Technology
Gaps

System Definition

Technology
Development

/Barrier
Resolution

System Requirements      Technology Base
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Design Criteria for Conceptual SystemDesign Criteria for Conceptual System

• Efficiency

• Cost

• High reliability

• Small volume (but not at the expense of efficiency)
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Assumptions for DOE System DesignAssumptions for DOE System Design

• Natural gas

• Base-load system operation

• Pressurized SOFC operation

• High fuel utilization ~75% in SOFC with possible
internal reforming

• Cell voltage ~0.75 V at a reasonable current density

• Commercially available microturbine &
turbocharger

• High-temperature heat transfer equipment will be
available
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Performance Estimate for aPerformance Estimate for a
SOFC-SOFC-MicrotubineMicrotubine Hybrid System Hybrid System

System Net Power 475 kW

Microturbine Power 97 kW

SOFC Power 384 kW

System Efficiency 67%
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Control System Design ApproachControl System Design Approach

•Controller Selection Criteria
•Propose Controller Designs
•Assume Components/ Sensors/Effectors
•Dynamic Modeling

•Rapid Prototyping
•Simulations
•Trade Studies

•Compare to Controller
Selection Criteria
•Identify Issues/Gaps

Conceptual
System Definition

Technology
Gaps

Control System Definition

Technology
Development

/Barrier
Resolution

System Design      Controls Technology Base
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Control System Definition Control System Definition 

• Supervisory control

• System health monitoring

• Sensing and measurement

• Valves/Actuators
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SOFC Stack Design FeaturesSOFC Stack Design Features

• Anode-supported thin-electrolyte cells to permit
efficient operation at reduced temperatures

• Lightweight metallic structures to achieve high
power densities

• Stack design flexibility including gas manifold and
flow configuration

Anode Fin

Alloy
Interconnect

Cathode Fin

Single Cell

Oxidant
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SOFC Cell PerformanceSOFC Cell Performance
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• 800°C operation

• Peak power density:
– 1.3 W/cm² in hydrogen
– 0.85 W/cm² in syngas

• 800°C operation

• Peak power density:
– 1.3 W/cm² in hydrogen
– 0.85 W/cm² in syngas
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• 10 cm x 10 cm footprint
• 800°C operation in hydrogen and air at ambient pressure
• Power:

– 1.1 kW at 0.7 V / cell
– 1.4 kW at peak power

• Power density:
– 0.42 W/cm2 at 0.7 V/cell
– 0.6 W / cm² at peak power
– 0.7 kW / kg, 0.7 kW / L at peak power
– 0.53 kW / kg, 0.53 kW / L at 0.7 V/cell

• 10 cm x 10 cm footprint
• 800°C operation in hydrogen and air at ambient pressure
• Power:

– 1.1 kW at 0.7 V / cell
– 1.4 kW at peak power

• Power density:
– 0.42 W/cm2 at 0.7 V/cell
– 0.6 W / cm² at peak power
– 0.7 kW / kg, 0.7 kW / L at peak power
– 0.53 kW / kg, 0.53 kW / L at 0.7 V/cell
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Stack Thermal Cycling Stack Thermal Cycling 

• Multiple thermal cycles
without significant
performance degradation

• Minimal change in open
circuit voltage  and voltage
under load between cycles

• Multiple thermal cycles
without significant
performance degradation

• Minimal change in open
circuit voltage  and voltage
under load between cycles

Stack 28 Performance at 800oC in H2
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SOFC Performance Enhancement with PressureSOFC Performance Enhancement with Pressure

• Cell performance is enhanced with pressurized
operation thermodynamically and kinetically

– Increase in Nernst potential
– Decrease in activation polarization

�Exchange current density

– Decrease in concentration polarization
�Limiting current density
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Nernst Potential Change with Pressure
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Pressure will benefit electrode kinetics through
increase in both exchange current density and
limiting current density

PH2  io    ia

Exchange Current Density io    

Electrode Limiting Current Density ia

Electrode Kinetics Enhanced with PressureElectrode Kinetics Enhanced with Pressure
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•Significant performance enhancement observed from 1 to 3 atm
•Moderate performance improvement expected from 4 to 10 atm

SOFC Performance ProjectionSOFC Performance Projection

Projected performance with model
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Pressurized SOFC PerformancePressurized SOFC Performance

Experimental Data Points and Model 
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Concluding RemarksConcluding Remarks

• SOFC-turbine hybrids have potential for high
efficiencies over a broad range of system sizes

• Preliminary system concepts have been evaluated

• Pressurized operation for planar SOFCs has been
demonstrated


